Abstract: Salinity assessment of ground waters for the irrigation purpose often includes measurement of chloride ion, constitute that in large concentrations is toxic to plant. Since the measurement of electrical conductivity is much easier than determining chloride ion, the aim of this study was to develop an empirical relationship between chloride ion concentration and electrical conductivity of ground waters for western of Iran. Large numbers of water samples, 1063 laboratory and 2252 field data, were collected over about 66000 Km 2 areas in west of Iran. Electrical conductivity (EC) was measured with a conductivity cell and Cl -concentration by titration with AgNO 3 solution. The data were grouped into various groups based on crop tolerance to salinity and consequently to EC. Linear, polynomial and power regression models were tested. Using data for all 3315 samples, all three models were highly significant and explained 99% of the variability in observed Cl -values. Other models for different groups of data also developed and it was concluded that there is a good agreement and correlation between EC and Cl -concentration in water samples except for EC<3 dSm -1 . Key Words: Chloride estimation, electrical conductivity, groundwater, linear, polynomial and power regression
Introduction
In many countries, groundwater is one of the major water resources for domestic and agricultural uses. Aquifers and the contained ground water are inherently susceptible to salinization from irrigation and evaporation especially in arid and semi-arid regions. Desalinization is prohibitively costly and often impractical. In this context and in recognition of the need for effective and efficient methods for protecting ground water resources, it is necessary to have easy ways to monitor the quality of water.
Major source of groundwater pollutions are agricultural activities, seepage through landfills and waste deposits (Kinzelbach 1986) . Electrical conductivity (EC) is usually a representation of salinity and it can be measured with a simple device. Chloride ion (Cl) is an important element among dissolved solids which can limit plant growth, decrease yields and reduce quality of drinking water. Chloride is highly soluble and remains in the soil solution, while other ions such as sulphate and bicarbonate combine with calcium and magnesium, where present, to form calcium sulphate and calcium carbonate, which are sparingly soluble compounds.
Measurement of EC is fast and inexpensive. On the other hand, Cl -concentration typically is measured by titration of aqueous samples using standard AgNO 3 solution. Chloride analysis thus is time consuming and expensive, compared to EC measurement (Hajrasuliha 1991) . Since Cl -is a major constitute of saline waters and soils, and it directly affects EC, therefore, a close correlation between EC and Cl is expected.
Based on the study of large numbers of solute solutions, irrigation waters, and soil extracts, a linear relationship between the logarithm of the equivalent concentration and the logarithm of specific conductance has been reported by Marion and Babcock (1977) . Maas (1986) suggested that if Cl -were the predominant anion in a soil solution, the Cl -concentration in molm -3 would be approximately equal to 10 times the EC e measured in dSm -1 .
Observations of Cl -concentration and EC for many saline waters throughout central part of Iran reported by Hajrasuliha, (1991) suggested the possibility of a generalized empirical relationship between these two factors. Therefore, it is conceivable that the Cl -concentration can simply be estimated from EC measurement. The reliable predictions of the solute transport within flow systems have largely based on the Cl measurements (Ursino et al. 2001 , Volker et al. 2002 . A relatively accurate relationship between EC and Cl would be helpful in estimating the temporal and spatial solute distribution in groundwater which is quite valuable in water pollution management.
The objective of this paper is to analyze and develop a relationship between chloride concentration and EC, as a prediction tool, for ground waters in a cold semi-arid region located in western Iran.
Materials and Methods
Two data set consisting of the simultaneous measurement of Cl -and EC were used for this research. The second data set was sampled during laboratory experiment. Figure 1 depicts the physical model used in this study. Two experiments were carried out with two different soils. Table 1 shows the physical properties of the soils and Figure 2 is the particle size distribution curves. Soil No. 1 had a fine sandy texture with a uniformity coefficient of 1.67, while soil No. 2 was a coarse sand with uniformity coefficient of 3.97, implying that soil No. 1 is more uniform than soil No. 2. The size distribution effect is well reflected in saturated hydraulic conductivity (K s ) and saturation percentage (SP). Soil 1 has lower K s and higher SP as compared to soil 2. (Table1).
Sodium chloride solutions 35 dSm -1 was evenly introduced to the soil surface through porous tubes, and then soil solution samples were taken at specified time intervals from saturated and unsaturated zones. 1063 samples with wide range of EC and chloride concentration were taken. Chloride content was measured by titration with AgNO 3 solution and all EC values automatically were adjusted to 25 o C.
Three different models, linear, polynomial and power regression, were used to describe Cl concentration as a function of EC. Respectively, the general forms of these models are:
The analyses were carried out separately for two following cases: 1) all 3315 data set obtained from field and laboratory, 2) data grouped into two parts with EC≤3 and EC>3 dSm -1 which below 3 dSm -1 , salinity has no effect on crop growth (Johnson et al., 1957) , and 3) data for EC<18.7 and EC<21 were used. These thresholds are the crop tolerance to salinity for wheat and barley which can grow and yield satisfactory (Ayers and Westcot 1985) . Above these thresholds, there won't be any economical yield. These two crops are the major cultivations in two studied provinces.
Results and Discussion
Three models, linear, polynomial, and power function, were fitted on all three data categories. Models coefficients and regression coefficients (R 2 ) between EC and Cl are presented in Table 2 . Figure 3 showes the developed models using all data between 0.15 to 39.9 dSm -1 . The polynomial equation could better predict the Cl from measured EC but all models were within 1% significance. Figure 3 also shows the fitted models using data collected from field and laboratory experiment, separately. Again, polynomial model had better results for both cases. In second attempt of finding the relationship between EC and Cl, data were grouped into EC≤3 and EC>3 dSm -1 . When data obtained from laboratory experiment were results. Maximum R used, for EC≤3 all three models failed to show a good or third case, data with EC>18.7 were removed and three able 2. Maximum and minimum EC and Cl -concentration and R 2 * Lin. P Power 2 in this case was 0.25. But when all data were used, the R 2 for polynomial model reached 0.87. For data with EC above 3 dSm -1 , in all cases models could produce relatively good relationships (Table 3 ). F models were fitted on remaining data. Then, based on barley tolerance to salinity, data with EC<21 were considered for new model fitting. In these case, all three models had about the same r-value, irrespective of the data source but power function had the highest value of R 2 ( Figure 4 and 
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Variety of models and data were used to develop a reliable relationship between EC and Chloride. Referring to table 3 and Fig.4 , it is evident that at high ranges of salinity (EC>3 dSm -1 ), the most accurate estimate of Cl -from the EC can be made by either using a linear or polynomial model with r value of 0.99. At EC≤3 dSm -1 particularly from the irrigation water quality aspect, only power regression model would led to a confident estimate of Cl -. Overall, for a wide range of EC (0.15 to 40 dSm -1 ) encountered in this study with 3315 pair wise of EC and Cl -data, the power function may be recommended. Therefore, with a relatively accurate and inexpensive way, it is possible to estima
